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REMARKS 

Claim 18 is canceled and new claim 22 is added which is directed to the subject matter of 
previous claim 16 as presented in the Amendment filed August 6, 2008. Claims 19 and 21 are 
amended to depend from new claim 22. No new matter is presented. 
L The Present Invention 

Applicants note that the subject matter of new claim 22 is the same as claim 16 as 
presented in the Amendment filed August 6, 2008. In an Advisory Action mailed July 3, 2008, 
the Examiner indicated that claims 16 and 18 were substantial duplicates and claim 16 was 
cancelled in response thereto. However, the subject matter of claim 16 is reintroduced as new 
claim 22 to clarify that the present invention is characterized by the finding of a new use of 
HDAC inhibitors (also referered to herein as "HDACi's") for inhibiting articular cartilage 
extracellular matrix degradation in osteoarthritis (also referred to herein as "OA"). 

That is, the present invention does not relate to the general treatment method for 
osteoarthtitis by HDACi's. The present invention relates to a method for treating articular 
cartilage extracellular matrix degradation in osteoarthritis. 
II. Claim Rejections under 35 U.S.C. § 102 

The rejection of claims 18-21 under 35 U.S.C. § 102(e) as being anticipated by Chung 
(U.S. 2005/0245439 Al) is maintained. 

The rejection of claims 18-21 under 35 U.S.C. § 102(e) as being anticipated by Watkins 
(WO 02/30879 A2) is also maintained. 

In response to the arguments presented in the Amendment filed April 27, 2009, that the 
earlier filed application ('999) of Chung fails to provide support for osteoarthritis, the Examiner 
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asserts that Chung '999 provides the animal model for connective tissue disease in Example 1 at 
page 8 and that Chung '999 discusses in Example 4 (spanning pages 17 and 18) that Figures 8G- 
5L show "the severe synovial hyperplasia and panus formation in connective tissue disease 
deteriorating the cartilage and bone of joints." (page 18). The Examiner further asserts that 
osteoarthritis is characterized by synovial hyperplasia prior to histologically evident cartilage 
destruction (e.g., E.R. Walker et al Arthritis Rheum. (1991) 34(5), pages 515-524, Abstract 
only). Thus, the Examiner concludes that, while not explicit, the teachings of Chung '999 
regarding synovial hyperplasia and cartilage deterioration, combined with what was known in 
the art at the time of filing, provides sufficient support for enablement/description of 
osteoarthritis in '999. 

With regards to Watkins, The Examiner maintains his previous position. 

Applicants traverse the rejections for the reasons of record and further in view of the 
following. 

A. 102(e) as being anticipated by Chung (U.S. 2005/0245439 Al) 

(1) Chung '439 cited by the Examiner. 

Chung is a publication of an application which is a continuation-in-part (CIP) of Ser. No. 
10/132,999, filed on April 26, 2002. Chung may therefore only be applied as prior art under 35 
U.S.C. § 102(e) for subject matter commonly disclosed in the parent '999 application filed on 
April 26, 2002. 

In Chung '439, it is taught that an HDAC inhibitor is effective in an adjuvant arthritis 
animal model (Example 1, Fig. 1-6) and an HDAC inhibitor has the effect of inhibiting collagen 
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release using a bovine nasal cartilage explant assay (Example 2, Fig. 7). Based on these 

findings, the teachings of this reference are explained below. 

Paragraph [0017] of Chung '439 states: 

The invention is preferably used to treat, prevent or reduce the risk 
of joint destruction in a subject who suffers from rheumatoid 
arthritis, spondyloarthropathies or other destructive joint or 
musculoskeletal diseases such as bone loss, bone fractures, 
osteonecrosis, osteoporosis, osteopenia, glucocorticoid induced 
osteoporosis, Paget' s disease, abnormally increased bone turnover, 
periodontal disease, tooth loss, periprosthetic osteolysis, 
degenerative joint disease, gouty arthritis, septic arthritis, 
osteogenesis imperfecta, bone cancer, multiple myeloma, 
hypercalcemia of malignancy, metastatic bone disease, and 
paraneoplastic syndrome. The osteoporosis or osteopenia is 
secondary to immobilization, osteodystrophy, cachexia, anorexia 
nervosa, exercise induced amenorrhea, chemotherapy or 
radiotherapy-induced amenorrhea, androgen deprivation therapy, 
Turner syndrome, cystic fibrosis, diabetes mellitus, 
hyperthyroidism, hyperparathyroidism, Cushing's syndrome, 
glucocorticoid excess, acute lymphoblastic leukemia, Klinefelter' s 
and Kallman's syndromes, alcohol abuse, cigarette smoking, 
connective tissue disease, or osteoarthritis." 



On the other hand, Chung's previous '999 application, which is the basic application 
having a filing date earlier than the present application, describes experimental examples 
wherein a topical preparation of an HDAC inhibitor, phenylbutyrate sodium or trichostatin A, 
was administered to an adjuvant arthritis animal model (Examples 1, 3-5). The results are 
described in Figs. 2-8 (Preparation of Topical Composition is described in Example 2). In the 
section, "Field of the Invention" at page 1 of the '999 application, it states: "More particularly, 
the present invention relates to a pharmaceutical composition and method for the treatment of 
inflammation of skin, joints and soft tissues due to altered patterns of immunoregulation such as 
rheumatoid arthritis, systemic lupus erythematosus, progressive systemic sclerosis, Sjogren's 
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syndrome, dermatomyositis and mixed connective tissue disease". That is, the '999 application 
relates to the use of an HDAC inhibiting compound for the treatment of inflammatory diseases 
caused by immune regulation disorder. Only rheumatoid arthritis is common between the '999 
application and the '439 application. The bovine nasal cartilage explant assay shown in Example 
2 of Chung '439 and its results are not disclosed at all in the '999 application. Thus, it is 
apparent that the finding based on this experiment and its experimental results is a disclosure 
which was added when the '439 application was filed, i.e., March 14, 2005. Accordingly, the 
disclosure relating to the diseases added (except RA) which is understood to be based on the 
effect of inhibiting collagen release as described in Example 2, especially, osteoporosis and 
osteopenia accompanied by a loss of cartilage and bone as well as OA which was exemplified as 
a disease that is linked to these diseases, was added when the '439 application was filed (March 
14, 2005). Thus, this disclosure can not be relied with respect to the present invention. 

(2) Response to the Examiner's position about the '999 application. 

The "animal model for connective tissue disease" used in Example 1 and Example 3 of 
the '999 application is that obtained by the method of the cited reference, Winter C. A., at al., 
Arthritis Rheum. 1966, 9:394-404 (Attachment 1). It is the adjuvant arthritis model in which 
arthritis is caused by injecting Desiccated Mycobacterium butyricum in rats to utilize the 
immune reaction to exclude it as a foreign substance. The results of Example 4 shown in Figures 
8G-8L are the results using this animal model. As described in the Winter reference, it is a result 
using an animal model for evaluation of anti-inflammatory drugs and this animal model is well 
known as a representative disease model for RA which is known as an autoimmune disease. 
However, there is no reference which clearly describes that the adjuvant arthritis model can be a 
disease model for OA. As the disease model for OA, an animal model prepared by mechanical 
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factors such as repeated use of joint is well known, where the representative model is RIL 
(repetitive impulse loading) NZW rabbit disclosed in the Walker reference (Attachment 2) cited 
in the Office Action. That is, the adjuvant arthritis model which is a model for arthritis caused 
by an immune response has an onset mechanism which is quite different from OA and thus the 
adjuvant arthritis model has not been used an OA disease model. Accordingly, one skilled in the 
art would not have reasonably expected a similar effect on OA based on the results disclosed in 
the '999 application using the adjuvant arthritis model having a different onset mechanism. 

The Examiner pointed out that Figures 8G-8L of Example 4 indicates that "the severe 
synovial hyperplasia and panus formation in connective tissue disease deteriorating the cartilage 
and bone of joints" are caused. Further, the Examiner cites the Walker reference and takes the 
position that Walker provides sufficient support for enablement/description of osteoarthritis in 
the Chung '999 application because this reference discloses that synovial hyperplasia occurs 
before cartilage degradation also in OA. 

However, the Walker reference (Attachment 2) cited by the Examiner discloses the 
results of an investigation regarding the onset mechanism of OA using RIL(repetitive impulse 
loading) NZW rabbit which is an animal disease model of OA. This reference describes that 
increase of synovial hyperplasia was observed after 3 weeks of RIL and histologically evident 
cartilage destruction was observed after 6 and 9 weeks. However, the increase of synovial 
hyperplasia was also observed in nonloaded limbs having no cartilage destruction and this result 
is "strong evidence against the idea that increased catabolin production and synovial hyperplasia 
are directly or primary related to the osteoarthritic process." (p. 522, paragraph 4). Accordingly, 
the Walker reference does not disclose that synovial hyperplasia causes cartilage degradation in 
OA but rather suggests that synovial hyperplasia does not directly or primary relate to OA. On 
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the other hand, it is described in the second paragraph of page 515 of the Walker reference: "The 
idea that synovial inflammation, defined by the participation of active leukocytes, is a primary 
event and precedes cartilage destruction in rheumatoid arthritis (RA) is well established". Thus, 
it is apparent that the relationship of synovial hyperplasia and cartilage destruction is different 
between RA and OA. 

Accordingly, even assuming that the disclosure of the Chung *999 application that an 
HDAC inhibitor inhibited synovial hyperplasia in the adjuvant arthritis model is known as a 
disease model for RA and the finding of the Walker reference about an OA disease model, it 
would not have been reasonably expected that an HDAC inhibitor can inhibit synovial 
hyperplasia in OA similar to RA because it was known that the onset model is different between 
RA and OA. Further, even assuming that an HDAC inhibitor could inhibit synovial hyperplasia 
in OA, it would not have been reasonably expected that the HDAC inhibitor could inhibit 
cartilage degradation, because the Walker reference describes that the relationship of synovial 
hyperplasia and cartilage destruction is different between RA and OA. Therefore, Applicants 
submit that the Examiner's finding that the Walker reference provides sufficient support for 
enablement/description of osteoarthritis in Chung '999 is not supported. 

Accordgonly, Applicants respectfully request withdrawal of the rejection based on 

Chung. 

B. 102(e) as being anticipated by Watkins (W002/30879 A2) 

The present invention is directed to a method for treating articular cartilage extracellular 
matrix degradation in osteoarthritis, not to a treatment of OA by an HDAC inhibitor. 

On the other hand, Watkins discloses "Inflammatory disease (e.g., osteoarthritis, 
rheumatoid arthritis) and thus might be read that the HDAC inhibitor can treat inflammatory 
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diseases such as OA and RA. One skilled in the art would understand this description that the 
HDAC inhibitor can treat inflammation. However, Watkins does not disclose "treatment of 
articular cartilage extracellular matrix degradation" at all and thus is not a reference disclosing an 
effect of the HDAc inhibitor on articular cartilage extracellular matrix degradation. Accordingly, 
Watkins does not provide an enabling disclosure of the present invention as recited in the present 
claims. 

Watkins describes "Inflammatory disease (e.g. osteoarthritis, rheumatoid arthritis) (see 
e.g. Dangond et al., 1998; Takahashi et al, 1996)". As a matter of course, one skilled in the art 
who reads this description would wish to see the cited Dangond' s reference and Takahashi's 
reference as reference of the finding. These references respectively disclose that the HDAC 
inhibitor participates in the immune system regulation and has an inhibitory activity against IL-2 
gene expression. 

On the other hand, many findings have been known about the onset mechanisms of RA 
and OA. As explained above, it has been know that, in RA, cartilage destruction occurs from the 
inflammatory reaction in which the immune reaction participates and immune reactions and 
inflammatory reactions do not participate in the onset of OA. For example, it is described as 
follows in the first paragraph at page 1905 Arthritis Rheum., 43:905, 2000 ("Reference 2" 
submitted with the previous response dated April 27, 2009), which is a special article relating to 
Recommendations for medical management of OA prepared by American college of 
rheumatology subcommittee on osteoarthritis guidelines. 

"Unlike the case with rheumatoid arthritis (RA) and other inflammatory arthritides, 
inflammation, if present, is usually mild and localized to the affected joint. Although the causes 
of OA are not completely understood, biomechanical stresses affecting the articular cartilage and 
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subchondral bone, biochemical Chunges in articular cartilage and synovial membrane, and 
genetic factors are all important in its pathogenesis.". 

Accordingly, from the combination of the Dangond's reference, Takahashi's reference, 
and Arthritis Rheum, one skilled in the art would expect the DAC inhibitor's effect to treat 
inflammation of RA in which immune reaction participates but, on the other hand, one skilled in 
the art would have difficulties to expect the HDAC's effect to treat OA in which immune 
reaction and inflammation reaction do not participate in the onset thereof, in view of the 
difference of the mechanism. That is, the combination of the Dangond's reference, 

Takahashi's reference, and Arthritis Rheum teaches away from the HDAC inhibitor's 
effect to treat inflammation of OA. Watkins does not provide a disclosure at all which can 
overcome the findings of these references. Accordingly, the reference cited by the Examiner 
does not discloses application of the HDAC inhibitor to OA to an extent of enabling the same to 
one skilled in the art. 

Similarly, the combination of the Dangond's reference, Takahashi's reference, and 
Arthritis Rheum teaches away from the present invention, "A method for treating articular 
cartilage extracellular matrix degradation in osteoarthritis" by the HDAC inhibitor. The present 
invention has not been disclosed in the references 

(Watkins and Patent Reference 1 (the FR228 reduced form)) to an extent to be enabled. 

As described above, Chung '439 is not a reference disclosing "A method for treating 
articular cartilage extracellular matrix degradation in osteoarthritis by the HDAC inhibitor. 

Attachments; 

Attachment 1 : Winter C.A., et al., Arthritis Rheum. 1966, 9(3), 394-404. 
Attachment 2: R. Walker at al.., Arthritis Rheum. 1991, 34(5)/5 15-524. 
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Accordingly, Applicants respectfully request withdrawal of the rejection based on 
Watkins. 

HI. Conclusion 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




WASHINGTON DC SUGHRUE/265550 



65565 



CUSTOMER NUMBER 



Date: November 4, 2009 



12 



10/26/2008 08:59 FAX 2022937E ^.^'Sm 

— Docket No. Q863Z4 

09-1 0-2 6 ; 0 6 : 58PM [ Amdt. Dated November 4, 2009 

Reply to Office action of August 4, 200V 
Attachment 1 



Treatment of Adjuvant Arthritic in 
AntiL-toflamwiatory Drugs 



TTtAflLY ATTEMJeTS at p»du.d«g in 
animals an experimental model -or 
iritis have been reviewed by Card™*.' 
Recent, work in this field had its impetus 
in the report by Stoerk et nl.» of Be pro- 
duction of a chronic polyarthritis in ra« 
' by the injection of homologous spl««i *™ 
adjuvants. U M soon found that the 
homologous tissue w* »<* essential «>* 
that invcobiQteria Or a wa* derived- from 
them, W^ded in mineral oil and in- 
jected Intradermally. was suffice"* to 
nroduce the syndrome."-* 

Although there is disagreement regard- 
ing the etiology and the nature of the 
d&ut in many °* compounds 

which hftvc been proven to be. useful in 
th* treatment of arthritis m man have 
shown activity against 0™ or t*™ of ae 

«m. These include hoth steroids and nan- 
stcrtwdx. 3 -^"' Epsilonaminocapioj.c acid, 
estrogen, 18 and various immunosuppressive 
ag.sr.ts" hive bucn reported to affect the 
svndrome- 

' Assessment of shortly of the disease, or 
of the therapeutic affects of drugs, has been 
dependant mainly upon a subjeebve judg- 
ment oF presence or absence of arthritis a 
each animal, or upon a subjective scoring 
xvslem. itfcv/bould 8 attempted to quantrtutc 
the effects of drugs by smnMA* AlcV 
ness of the WtoJ wlth <*>P«» this 
must also be partly subjective, in -lodging 
the. uniformity oF pressure <K arte d by ft* 
calipers upon soft tissue, Glenn 1 "' 19 mteo- 
dueed a quantitative method of measuring 

Ftom- Men* IruMtit* for tUmpautK H«satcft, 
W Ch^ I* Win™, W D, 5 «.tor i™*^ 



curtain plasma changes in rats and could 
dcSmiS^jeodvdy the dfa* of unb- 
XrTatory drug, upon ^inflammation 
units" (s^ below), but the degree of arth.- 
rtfc was estimated by means of a sconng 

Sy tTfte present ,ludy, «• *ow *at it * 
possible to determine accurately and ob- 
SSlvdy ^ volume of the foot of a rat 
K ^adjuvant arthritis. The me^r^ent 
am be used to assess the severity of the 
disease and to evaluate the activity of anb- 
««, be obtained which are related to Jog 
Serf Sh**^ to g> J^f 
compounds upon weight g-n and mflam- 
tnation units" are also shown. 

Ma-iepials a™ Methods 
Production of Arthftt 



1-inch negate, tftUaS one net to 

« p ^aW in 0* volume wad h** AWtoW* 
W Wdacd Ioob^ called the tajecttaa * e w " 
SSoSJ" « -<*• w 

♦k„ „^r.,vant fcto the iubcUtmieOUS Hs«««. wo 
STv JK^Ue-Wl «e loKt fto o*rr 
toverlty of urthrlU* in our scrff* eemparw WO'- 



wrfl, Wort roin'. 
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TOBVTMlBCT OP -ADJUVANT AT11HHTTIS W B^TS 

ahly with other* who have ddslsaated Intradermal 
Jnjeetion ox the route of choice. 

After Ihjectrnn t»F adjuvant, the rat* were ran- 
domly divided JnW K«unfl «f 10 "tmnlfi 
Each rrtnriiflctlt included « "Positive Cnntrol 
jrra.il,. which Kocived fldii«itat Vnlf 11 d ™K> *' ld 
ii -NftCiUlve Control" group of normal animal* 
rix'itiwlnjt neither adjuvant pop druc 
TH\<\y weijihtx «od fool volume* ■ 

nearly everv dny. The method oF „ 

volume wu* essentially lllc that previously de- 
,l«rlhed,M nxwpt Tor tho use of « p^M^IoV 
H^ardjna system ittHload of * jduviuimnatpr. Fuji"* 
I depicts the appurntiw employftJ- 

Food and water wbr offered to thft animal* <rd 
libHum; as thu ..rthriti* developed, it wis noted 
that the rats wenj relatively disinclined to cat, 
puThflpF pattiy bccfliue of difitoulty i« aioving 
noiwully. Cure wns trttpo to ftitsuv* e»*y ock«» U> 
rnnd nod "inter nt all times, 

Drue* were administered by siTtftrie ramn«tfon 
in a. volume Of OS ml. por J0O Om, body w&sfht, 
Chloroqnlio phosphate (do*c calculated ns chloro- 
twino). cpfllodiunlnocftonjic add. and demmethrt- 
enno phosphat* dlsodlum salt Cdose calculated as 
<1ex*nietha.ior,e> w*re dfesoW to. 0.9 p«r « M 
wxUi.rrt chloride solution. PhenyujutHlOo« 
aspirin wrm iuixpcaded in QJi per C*nl " " 
<Tlnw MC prumfam 100 cps) «>"> 
wrm hlundcd In a Virrts homrticenlzcr. Int 
was dbsc-lved in 0.15 M phosphite huf&r pH 6- 
Fhlftnurnk' ncid «nd mefcTjnmK: Held, were dis- 
solved fn inline with tho old of a mlntaial amount 
i,f sodium hydroxide. Dhnoihyl iralfreddo (DMSO^ 
wiuc RdKitnisterod hotb orally Bnd petcutaneauaTy. 
For ftrol daring, (c ira* diluted, with no cuuftl 
volume uF water. Tho dose of a mL/Kg. was 
cbcvicti lifter prolimi.inry test* indicated that smaller 
doftis* wnti ineffective. Percutaneous application 
tl In two ways; A* area on tho back 



Of the neele was shnved, 

full strength. The compound was jaratly iDresd 
nvcr tho nrea >W* n mhher spatula. Tho total 
amounc U«d each day was o^pul n& per 100 
Gm. body -weight, In tho £a«l group oE KitSj the 
rfeht bind htt (mIh* uiod for volume measure- 
ments) was dipped into full rtrongdi tJMSO m 
that the enlios leg UP to mid-thigh lovol was irtl- 
mf«ed. The flm'mnl was held iu thii p<W«ion for 
iO itecOnds: the j>™ whn« ^vrj repeated Ot 5 
minTilc intervals for o total t*pCHlr« of 30 scoouds 
per rat pit (lay. 

-Jjiftunmutiua UlUta'" as dofinei by Clemn <* eL" 
*«re detrrmicctl on tho thi<d Hud tho fiflid <Joy 
of the test; ftesontiolly, thews oontlst of a 



TrtcfiwrnmCnC of the amount of proluin (n fte 
plasma readily OOfltfdable by headnff a_ votydl- 
ten ftJntJon to 58 C. cor 30 mteot"- ^ 
mtnatfon was mudo 00 planmA &om Wood «iunpluR 
eollnded f«m the orbital sinus." 

Results 

Incfficnoe and. Course of the Disease 

Tho cEnida appearaaca of &b dis- 
sane has been arjequalcly desnriberl by 
olherx."- 1J1 In our series, as in the twperi- 
mwiis of others, the polyarthritts evident 
in the paws did not appear tmlil after a 
latent period of abcrac 10 to 14 days. New- 
bovJrl," who injected the adjuvant into the 
foot, observed a swelling of Ike foot i«n- 
-lediately aft* the iojeetion. Since our 
■ were injected only h» the tail, the 
response described by NewbouM 
was absent, bnt beginning on »bout the 
10th day. the. volume of the feet began 
to increase, rapidly. Oirr experiments were 
terminated (with one, exception) on either 
the 16th or 17th day; the long-term course 
of the disease has been studied by others." 

Of 140 rats started as adjuvant-treated 
controls in a series of tests 133 waived 
tho entire tost; of these, 117 developed 
arthritis of varying degrees, an incidence 
of SS per cent. This is comparable to the 
experience of oihers.i" J0 

The parameters studied are illustrated m 
Table 1. which gives the results obtained 
in groups of 10 rate injected with diffcrwiC 
dose* of M. bvtyriwm. These arx&nnh 
weighed npprujdmtttely 17B grams at the 
beginning Df the test, so no group lost 
weight, but there was some inhibition, of 
body weight gain, depending upon the 
jraipwar of adjuvant used. In this respect, 
our results are intcixnedJato between those 
of Pearson," who described normal weight 
gain and Ncwbould. 8 who saw extreme 
weight loss. The optimal ereajatity of M, 
bvtyrteum appeared to be on the order of 
0 $ *ng. per rat. Not only wps the intensity 
of disease as judged by foot volume and 
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ay oarawj- o„„„.«,w (upper 
of 'displacement of mercury u 

-inflammation units' greater than with the 
other mount* tried, bo* whit is at least 
of equal importance for drug staflte* tire 
variance was minimal at that dose. Tots is 
about die same amount of adjuvant which 
Others have found b> gfve good re- 
.sulfe-^'"-"-" 

tnhihum of the Arthritis by Onig* 

Table 2 lisUs data obtained at the 
tonnimition of the tests. 16 or XT days after 
injection of adjuvant Results are given 
with nine different drug* V*** have been 
reported to have antirheumatic acbMtyj 
a tbre^dose level assay is shown for six 
of dw drugs. All si* of these compounds 
(fndcwnethadn, aspirin, phenylbutazone, 
dcxamtthasoncv mefemamic add, and flu- 



Frii the foot is immersed; this >s ecnneccBci w 



fenamic add) reduced a r^nse wb,eh 
was related to the sfca of the daily dose m 
tbe inhibition of the increase in foot 
volume, and in -inflammation unite. Only 
iadomelbacin, pbenyTbutazonc, *» 
feawnle acid improved th* condition of 

Table X.— P»t<* Obtained iV Hah* 

1/ ***** A-Ow* c/ 
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the animate sufficiently to permit a partial 
restoration of the rate of body weight g&im 
Dtsxainethasond, the only steroid included 
in the study, was not expected to have a 
favorable effect on body weight gain, since 
effective dnses of steroids have long been 
know" t" inhibit body weight gain ui 
rats. aj 1 

The dose-response curves tor the rela- 
tionship between drug treatment a*»d the 
increase in toot volume (i.e.. initial volume 
— final volume) for four o£ the compounds 
arc shown In Figure 2. The slopes shown, 
in the figure were calculated from t" 6 
mean 'data obtained with each dose level 
of each drug, and each regression line js 
drawn with the average slope of the four 
drugs. The mean slope is 0,65; i.c, for each 
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inetease in the dose by one log un... 
swelling of the foot is lessened by 0.G5 mL 
on the average. 

The regression fines hi Figure Z are 
drawn with tho assumption Cbat the various 
drugs do indeed yield parallel dosc-rc- 
-jonscr d*ta on foot volume. The validity 
this assumption is borne oat by the 
analysis of variance shown in Table 3, Al- 
though the drugs differ significantly from 
each other in overall effectiveness (prob- 
ubly due to overestimatian of the potency 
of aspirin), the regression lines have r 
common dope, and there is no significant 
degree of nonpaiaUelism. The dose-re- 
sponse data on mcfenamic acid and 
flufenamlu add from Table !£ arc not in- 
cluded in Figure 2 or Table 3. These two 
compounds were tested several months 
after the others, and the data obtained 
giwe a different slope; it is not known 
whether the difference in slope is actually 
a characteristic of tho compounds, or is 
related to the time differential. The magni- 
tude of Che "'inflammation units" was also 
related to dose level-. 

One can conclude that aH these drugs 
are active in this test; but they differ 
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widely m potency. toidometbacin was by 
far the most potent of the nonsteroid 
compounds. Tho relative potencies of the 
v^ouTcornpounds in this test differ some- 
what from those previously found in the 
earraceemn edema assay/ 13 

Eptiknaminocaproio'aeid (EACA) was 
included in the study bc«m« of reports 
of possible ana-inflammatory activity and 
of a marginal effect in adjuvant arthri- 
tis In the present experiment, the 
1,-u-ge dose of 500 mg./Kg-/day had an 
effect on foot volume and -itulammation 
units" roughly comparable w that ot 
la.S rag./Kg./day of phenylbutazone, but 
the EACA. did not improve body' weight 
fiftin. cadoroQUinc phosphate in the doses 
usod also inhibited the swelling of lb* 
foot and the "inflammation units," hut the 
specificity of the effect is in some doubt 
because of &e adverse .effect on body 
weight. The oral DMSO had a f»«bh 
effect upon hath foot volume und "ajflanv 
matiou units" but no siguifieent action on 
Wy weight. Percutaneous DMSO, wheth- 
er on (he back or by immersing the leg. 
was effective on foot volume only, among 
the p 



Effect of Dfceorttwiring Treatment 

In one experiment, treatment With indo- 
metbacia was continued for 24 d»ys: the 
drug was then discontinued, but the ani- 
mals were Irept under observation until 
the 44th day after adjuvant injection. Table 
4 shows data obtained on the 16th day; on 
the 23th day, immediately after the end 
of b-eatmentf and on the 44th day. 20 days 
after withdrawal of drug. The first IS days 
of this experiment supplied the data used 
for the indomethBcin-ttaated group in 
Table 2, but the data are treated in more 
detail in Table 4- It was rather surprising 
to find that the drug.treated groups not 
only retained their advantage over the 
arthritic controls during the post-treatment 
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Fig. a,— D«»<«sp»Me regression ^8 °^' 
eclated frttfl the foot-volume data &» ToMe 2. 

period, but in some respects even, increased 
;l Thus, in- the arthritic control groups, the 
foot gained an additional 1-34 mL in volume 
nr. the average between the 45th ana* 44th 
day. while the group which &sd received 
irtdometbacfn 0-5 mg./Kg. gained only «n 
additional 0.31 ml. Foot volume data for 
the entire experiment .ure shown in graphic 
form in Figure 3. 

Effect of indomothacin 

on Previously Established ArfMte 

In one test, the arthritis was induced in 

the u#ual manner and allowed to proceed 



without interruption until the 17* *W 
W hea the animals w«e divided into 
Koum. One group * continued without 
g2« WtfSaft while thither group 
received mdomethacin J. jng /Kg. dally by 
moudi for 7 day*- The results are shown 
in Table 5. It is clear that tb» drug pro- 
duced a marked impxovemeot » foot 
volume and in "inBammabon i the 
drug-created group also gained mow 
wcilhc during the week of treatment than 
S -rili but *c difference 

was not statistically significant- It may be 
*«ed that fl* pollen feet actually »- 
eressed during treatment with the drug? 
M fact, the reduction in foot size was al- 
ready noted on the flirt day after beginning 
treatment <F < O.01). In ^ *o rate, 
the arthritis was associated with ankyloa* 
thn drug, of course, had no effect upon the 
ankylosis. 



Although others have shown that adju- 
vant arthritis in can be influenced by 
^inflammatory drug,, the presort s tudy 
, ce ms to be the first to present objects 
measurements of the increase in volume of 
the foot during the development of a d^- 
ease resulting from an injection ttt a site 



B8ttTOorV->rl.min 

,\inong aoaes 
Among drugs. 
Common alopo 
Nafl-jwrallslte" 
Quadratic curvutw- 
OppMeicuTVBniro 

WJthin eases (ciivr) 



5.07 
21.00 



0.4T8 
5-..DD7 

0.O22 <1 

0,340 3.™ 

0.214 2»?.T 
0,OH< 



>0.0l 
<0,00i 
N-S. 
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a of freedom subtract for wi^E voIum. 
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fOOT VOLUME IN RATS WITH ADJUVANT ARTHRITIS 
INDOMETHACIN P.O. DAYS 0-24 -INCLUSIVE 




Fig. 3.— Foo»-v 

JndocnctfiaCH* for Sd dayx, with observation* 



^^, r j c j ( Qr with nujuViml arthritlr treated with 
recorded a f ^ ^ ^ ^ wlth dr a w n ] 



distune from the foot. TTie accuracy c-f tt» 
jnnasuremeAt permits statistical treatment 
of tha duta, with estimates of the slope of 
drug effect upon log dose and calculations 
q£ relative potencies of various drugs. As 
am tusoy, this method lacks the preci'aon 
of die earragcenin edema technic,'* be- 
cause the Reverity of arthritis varies con- 
siderably among animals. For cjmmpJe, the 
data Jn Tublo 2 show phenylbutazone to 
he 9 times as potent as aspirin, with 65 
par coat confidence limits of 4 and 43; the 
corresponding figures for the earrageeiiin 
edema assay wore ZsO (1.3, 2.9).»"» 

The adjuvant assay shows flufenamic 
acid to be mare potent than phenylbuta- 
zone and uiefeoamio acid less potent; this 
order of activity is the same as that ex- 
hibited in the UV erythema test, 2 *" but 
is different from that which has been 
described in the cHrrageenin edema test. 21 



Tho potency ratios, however, are very 
much different from those seen in crt»er 
of those tests; tho adjuvant assay seems 
to uxaggerat© the potency differences 
among drugs — for example, mdomethaein 
is about 1.000 times as potent us aspirin on 
foot volume or "inflammation units" in the 
arthritic rats. The reason for the extremely 
v/ide spread among drug potencies in dtja 
test is not known. Although ihe rank, ordet ' 
qf (he various drugs seems to be about the 
same- in this test as in therapeutic trials in 
man, the potency ratios «e much higher in 
the T*t This could possibly be related to 
a difference In drug metabolism between 
the two species; indoraethacin, for example, 
is known to be metabolized differently in 
the rat than ±n man, 3 f '*" 

DMSO liad n favorable effect upon the 
syndrome whoa • ad ministered orally, but 
the dose remuremcnt was so high that the 
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specificity of the effect might be doubted, a finding which we ca» confirm (™P U ^- 

Si <*£ upon foot vdS when DMSO Ksbed date). Furthermore, 4» 

was Splied to tie sldn was tha* a eter readiugs of various ^W**J> 

local cffeU stoco there was no difference proteins can be reduced by active art* 

■ S^d^^tion to the nude of the ^^^rTlTj^TcL^ 

neck and immwsion of the foot and leg question might well he Timed whether tn« 

miner compared to that of rh* snore potent unto* w related to eS erfs upo **» 

nnti-inflamS.ataiyaEente.Eind to no respect- disease as a^ whole. However the co^- 

was as drmatic as ha, been described to spondenc* ^ the . ™ 

„"1 „ "unite* and upon, foot volume seems to oe 

Ebi™** seemed to he somewhat rather close. and in *e absence of facte 

toxic i„l *ots, but tha effect* on foot ^^f^J^^ * £ 

volume and -innarnfflation units'* were » ' ' » ' - 1 " 



volume ana insarnrnBtion rams - — 

the profound dfsJbance body weight treated S £ 

might be of interest for further stody. vantage after withdraw^ I of the d»g to 

The natute of the, -inflammation units" is at least 20 days was a surprise- Whether 

Z, 8 protohi chances have been- de- hasio effect upon the crease 

The "iinlanmmtion units" are not specific further investfgArion. Wc fray* not p 

S ad™ disease, but can be formed a expenmeut wifh the other 

demonstrated under other conditions of test compounds, 
inflswirnatory stress according to Glenn 1 *— 

Polyarthritis was product it. rats by the ^tat.^ Fi^wM^J 
ito &c distal -durd of cho tail Body weights of f ^^l<Se 
... . . ^ ^jsoime volume of the hind toot by an qojeduvc 



toeetoer with determination of absolute volume of the Juno: root e-y on voj-^- 
Si SelcuX reading' ^ ™ A ° ot ™ M * ° P ^T-SS 

and X heating at 68 C. for 30 minute*; the figure, so obtained w«e ^ jf^ 
units- « pKvtti* descib.d by Gk=»- ThuSe w,™ "^^^g 1 ^ 

out r^a to hit* values eLbg «. Ccur« of th* adjuvant dfe B -»- £™ 
pifcnncd of the effects of «x w t£-inflanunatory dregs ad^exeddady 
^ ioXfrom th* day of adjuvant injeeuOP. Drug effects waro ^^J^^fv 
^^v^efohtained 16 or It days after beginning 0- ^S^^ofmlolo^ 

drswal o/the druft were found to retain their advantage ^ ^^£^Z 
rtceived drug. tWomethacin was fo»^d to haye a favorable eff «K upon ™ 
- - - B : Ac RrfbiiQj hluJ bei;n published- 



Arthritis 



h I^duoito in rattOS per 1c injection do adjuvante do to 
le volu^tae dd P cd». le peso corpora a Je ^'^K- 
RntJ-toflarnmatori esseve offloaco in le sequent* wdine de ptrtenm. 
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rnefenarnJo > aapirina, 
mo thy lie exoreeva effect* 
tinfmnles rCtoneva lor <tv 



jthawtt > aeido flufoinmic > pfcenylbutazoM > acido. 
Aoido opalaii-aminocapiDie, dbloroquina, a sulfcxydo di- 
i minor. Post lc auapenriori do indonictlmcina, 1b tractate 
ntagc. IhdoittetliaaBft e-«evn paitinlmente efncneO'quttuiJo 
jonito twque le arthrftte es*eva estaMite. 
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MORPHOLOGIC AND MORPHOMETRY CHANGES IN 
SYNOVIAL MEMBRANE ASSOCIATED WITH 
MECHANICALLY INDUCED OSTEOARTHROSIS 



cytte lnnaracnanon is a pruoary cicul *■» 
induced «le« arthrosis. Repetitive impute: hwuiSug (SO 
ros duration at 60 Hz for 40 minutes each day) was 
applied to the right hmollmbs of 24 New Zealand white 
rabbits Tor 3, S, or 9 week*. The sjvnavjat membrane 
froro the uiedieT fliprapalellsr area was examined qual- 
itatively using transmission electron mkroscW ana 
quanUtutlvely using Hj-ht wloroscopk: morphometry, 
•jim result* Indicate that synovial infiamnutfttn is not * 
primary event in this mechanically Induced osteoarthro- 
sis, hut synovial hyperplasia occurs prior to histologi- 
cally evident cartilage dMb-ucdoa at 6-9 weeks. 

The idea that synovial inflammation, defined by 
the participation of active leukocytes, is a primary 
event and precedes cartilage destruction m rheurrtato.d 
arthritis (RA) Is weU established, The huUmaiX. Of 
rheumatoid synovium h the mtDtmUon ofpUsma cells 

— FroiS 00 Dspwlmont of Anatomy wid the D4putmwl of 
Orthopedist, W~l VirtfnI. Uj^ty Sc^l^WWto^. 
Mot?»«own. Budtbe Boae*Bd Joint Coot**. Henry Fort HojbIUI, 

IXwStir. PhQ. A*aocW= r^««or ostomy, Wen 
Vu*™, UaV«ri9 School of W«Uetae; R. p Bj^W-Wj 
ruwY/ Dlrwtor, Bono *nn lottt Cmler. Hoary FOfd H^'^l.?- 
w„ MO Itcscsiek Fellow Sit Orthopedic Sunt ry Wert v.rE.niR 
Udv^w SeWl of Medic**; M. JLvkoKhe*. Mrs R^carck 

M^dlctno' D n.Hun-.PnO: ProfeiMrof AnalOary *rxl Orthopedic 
sSSer* wLf Uniimrty School of Medteln.; E. L. Hatfin. 
mT&W endS™. rxp-rm.^ of 0«» OI »di c surgery, 

,t of M^Sin^ WwivitsioJ* University. W^mwwn. WV 



B. R. WALKER, R. D. BOYD t D. ». VVTJ, M. L.UKOSCHEK, D. B. BORR. and H. L. RADIN 

We Knight to determine whether synovial leoko- and large numbers of lymphocytes, many of which 
:„ „ in medically appear to be activated T cells as demonstrated by Ihe 

soluble factors (lymphofciuCS) found « tt synovial esu- 

S,O0S to' Contrast, the processes that lead to Urevers- 
ible articular cartilage destruction in osKoarthros.s 
(OA) aro only partially known. It is dear thai variable 
degrees of inflammation are common m OA, both 
clinically (2> and pntboloeically (3). Thoro ore con- 
fficiU views about the role of irJfcrnnwuon of the 
synovial membrane in the onset of OA. Some say that 
{t il secondary to cartila e e degeneration and not *ymp- 
St ofthl causes of OA (4). Others propose^ 
inflammation of the synovium is the primary 
The patchy infiltrates seen histologically probably 
dcpc»d o« the stage Of the disease and the site of the 
biopsy <6,7). The immune-pathologic changes. as well 
Is Ihl histologic fextuins, can be Ind.stinsiu5fo.ble 
from thoso of RA (8). Animal experiments indicate i a 
possible role for synovitis in cartilage destruction W, 
and recent Studios of specimen* from 
high levels of protege enzymes (10> Ipterlcnkm-l- 
liko activity can be found in synovial fluid U»- 
, fc *r To better define the role of synovium » the 
pl&enesis of OA, wc examined the synovium fif 
New Zealand white (NZW) rabbits during the early 
stages ofamcchunically induced OA, before histologic 
evince of cartilage destruction can be demonstra cel. 
In the model used. OA is caused by "V^J^**™ 
impulsive loading (RIL) 10 the Jomt (l^W The 
ML. model is a noninvasive model of OA in which 
focal cartilage destruction develops Slowly and is 
evident by the ninth week. The loading .s deigned to 
■ c similw to loading of a joint in which the shock- 
e supu» . . of Ae jn^des are not fully 
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effective, but lending Is otherwise withm £an***j 
trails. We describe here the channes m the synovial 
wembrane prior to histologically s 
the cartUpcc. 

MATERIALS AND METHODS 



Twenty-feur skeletaUy malum female 
white rabbles weighing 3.5-*-* H aw'S™ 1 ' 1 ,f l rf3 
experimental wccV, <; week, or 9 week). Three 

SS^N^rfeblte scUd as normal (crternal) controls. 
E toe e^peAmmts, the rabbit* were hou«d mdivWtt- 
K t» X 60x^™ cages with solid floors and were fed 
Wiyn= IS* R*bbit Ration and tap water ad Ubuum. 

ItavicrtSWkwthmlsai^BlraoddlhaiiliownUlftt 
«,„„ rmsmBsive cartlUae doturioniikin occurs at W» 
SXZ ^StedTnonloaded control knees . 
nrr model show no earlilagft deterioration. Tba 3 RII» time 
period* wed correspond chroaologiesdly to in' — tn 
earlQase change <3 wee-fce) , RRer mild cwtflog- ~ --. . 
(fi weeks), and after severe cart'daga degeneration (9 weeks) 
that will eventually load to bony eburtwtioa within _6 months 
after cessation, of RIL. This provides a clear indication of the 



culture degeneration, Wbich has a. known a: 

WCClCB ' Mechanical louUHg. The right knee joints of tho 
raeblls were subjected to !Oedin& hy means of an upparatus 
that has been described previously (13). The rabbit was 
place* on a Usy, its lea* prolnidinR downward through 
cutout*. The tray pivoted end held by a spring, so that 
tho rabbit's weight was courtobalmicod. The right hindleg 
and biftdfoot wen placed in a short molded upline that was 
attached to a &>m follower. As the cam rotated and tie 
animal's foot and teg moved upward,, the Ic* apUni con- 
strained ankle flexion limiting the d.ss.pal.on of for™ by 
eecenrri? contraction of the gastrocnemius muscle (13). Ttie 
kvse joint was thus loaded by the inert* of the tray md the. 
rabbit's body in reaction to a "eround force. ui much the 
senjn way aa a would be by locomotion. In this case, the 
magnitude and rate of load application were COnCroUed by 
tho design of the cam and Hie leg splint. A lewd cell foiodel 
trr-4: Gould Statbara) and a transducing; call (model UCZ: 



Tic left knee was splinted bi 

as an interna] control. The rabbits were n_. . - 

during the loading. The load was applied as » transient pesx 
over 30 m* at 60 cycWminutc for 40 joninuces S days enoh 
week, and maiatained within 10% of 1.3 tiroes body weight 
for the entire daily treatment period. 

treatment sebtdtole. Hie experimental rabbits were 
killed with an overdo** of sodium pcntobarbioil injected into 
the heart. Immediately after WUing. 2% gluiarsldehyde In 
Q.IM cacodylate buffer (pH 7.4) was Injected mtwu«ticu- 
Ja/iy. The lower extremity was au 
joints were opened by a medial p 
previously described (15). 



ffl{ « M from the medial '^^T^JS. 
iCSlly. ™ *«t*S5a« l from i the" EuoW *El plateau 
££rX^ 

Sghgradedflleoholiand propylene ^'^^fj^ 
iriE»X Tl2 for sectioning. The synovial s P e<mnena wo* 

Saw &wlw to whiol. the synovial moms, and the 
Synovium could be clearly differentiated were used for 
aaaaB ^S^^ bh^utined thick s^ons. 
•eas were selected for electron microscopy, 
^Lons were cut. nteced on 200-mcsh. copper grids , smmed 
i uranyl acetate ond lead citrate, and viewed in a JEOT. 
iMCXTEMSCAN electron jniornseope. All synov.als™- 
Ples were photographed in oH« to evaluate l) ^ 
tMrt^Tof the synovial cells. 7) the amount of cotagcp 
orSii. ft^SiSy-ovium, »■><* 5> the number of lympho- 
cyte! and plasmu ceU* in the subsynoviura. . 
Cy(CI jSLmorpbeitutry. Momhometric vrin* w» «^ 
ricd out using standard slCreolngic techniques _ (17) and 
computer aiiilysls. All Adds of adipose aynovrom on 4 




ujk » masnlftc-™ ^ 

-5 pTOwuunTOtt 1W the Image analysli raertutemenU. iWt 
1 was charactorlJlJc er the e*tete«l control syaevJum Mid ** 
3-wwl, Vernal eoatrel j^vium («o ^^J^S'J^ 
dcuOj), nie veryJarae dtrkooDa (here « »« «U™' 4 

cells, which were not Included In the UK 
IWini, or Inllma, area. Measured in nil fields oi 



nc£ right «d middle) per Held were uS<si» in n ictm 
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cslly analyzed wick (ho light microscope at a cnaanifoaUon of 
1.4Q0X). An average of 25 fields was analyzed per joint; this 
number was sufficient to allow Statistical precision (17)- 
Figure 1 shews a typical Ada of fidipo™ *ynovium. com- 
posed of synovial lilting or inrim* and underivinB subsypo- 
viu«u Point coundiw techniques wet* used to determine 
synoviocyte cell density (number of synviocytes dct total 
area of synovium). 

Image analysis techniques using ft Btoquam system 
end an IBM PC XT* microcomputer were used w deienwne 



synovium. and iho total synovium (aulmynoviura plus ii 
titnn). The synovium was considered to extend to the undeii- 
lying adipose cells. Thiskneaa measurements of synovial 
indma and total synovium were taken at the left, neht, and 
nJddte of ench field (Figure «. Using the »i<vfiant patera, ' 
synoviocyte area jwd synoviocyte Shape (major **k ^me- 
ter divided by the minor axis diameter) were calculated for 
30 sell* per joint m the external ™^ i*** 
ed left and right toe"), the internal control jj* a J& 
vmlgaded kt>ee>, v>d the experimental toee joint (n^nc. 
loaded treatment g«, U p 0 weeks, 6 weeks, or? 
weeks), synovial samples from the RIL-treMed knee wef« 
colS^lwidi samples from the internal control JOjrU, and 

RESULTS 

External control group features. Synovial sam- 
pies from the external control group of *abbits, which 
had not been Immobilized in any way. showed normal 
morphology, wrailar lo the descriptions m the litera- 
ture (18). The synovial lining or intim* was 1-2 cells 
thick, and consisted primarily of typo 8 synoviocytes. 
The colls wene classified as type B based on their 
well-developed granular eudoiilasimc relicuW ana 
lipid inclusions characteristic of rabbit type B cells 
US) This cell type is illustrated in Figure ZA. The 
synovial cells lie in a medium-density matrix of non- 
banded collagen- Banded collagen fibcre were not 
found to the superficial zoaz adjoining the jomt apace, 
either in the inlima or in the subsyaovlum, which 
extends to the moat superficial part of the adipose 
cells. _ 

Three'Wtek RTL-twatcd K *wp features. The 
synovium taken from the 3-week internal control tow** 
was histoloeicnUy (Figure 3 A) and uWrastrueturaUy 
(Figaro 2A) normal. The synovial mhma. consisted of a 
l-Z^ell layer of synoviocytes with a thin area of 




^X^oT^^o^ b bain* laM d»w» oeoWe ih. 
edt.(OrteiiulaasPllk»tiDn x IZ.O0O.) 

subsynovium. Electron microscopy P^*nJ» 
vealed that the synoviocytes wore pnmarUy of tie B 
type, with moderate granular endoplasmic rehcuium. 
prominent lipid inclusions, few Iysosomd I or ptaoey- 
totic inclusions, and inconspicuous mitochondria ana 



1 Sough We were no inflammatory cells 
(lymphocytes or plasma cells) present in «hc experi- 
mental synovium after 3 weeks of WU histologic 
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Wgutt 3. U&K mlCTBsnph* orwiuiiEwi Woo-sWmrf . «cdcwui or 
.yTovlum rcom ft. knees or N*W Z^l"? wMte ™t*lu, J w«*, 

£5h few hi 11= wbsydovinra, B, S»mpta from tto MP*rfmon«U 

^MoteTM £n£»U 3-4 cell, tfabk. W<t U>« 

lnn»r njundor. vacuolated, sad oriented morn vwati *= joint 



changes had occurred (Figure Th ifi'£2S 
Sheeted Into the joint ^c.Th^ synovw 

ihfckcr in the leg ^«ai to ML ton m the control 
ice or the external control CP < 0.03). 

ch^ges were observed in both the ^JJ 
synovium (Figure and the experimental I "y«vto» 
S 5B)after 6 week* of RIL, although ^ 
^crTmc^ pronounced in the *v**P^*^J% 
experimental synovium, the Ultima, had increased 

cells deep. Electron mi=ro*^J>y of ibe synoviocytes 
*h 0 wcd lh» to be typo B. 

granular cudopl^mfc reticulum, some sm=dl lipid \m- 
& DS , many vacuoles In to cy^^ The 
prominent team™ of the S ubsync™nn was ^ thK^ 
tag caused by deposition of dense «ta OtofW; 

The number of synoviocyte, (per mm 1 ) figure 
4A)v^r B la t iveIyd<^edIn t heex^ent a ljom t , 
compared with the intend ^nfrok. ll, e togc omoum 
of collagen in the subsvnovium (Raure 5E) increased 
totoM without mereasmg the number Of syno- 
viocytes, c^ingthc valuator the numb^ of «U, P« 
W 'Of wtfll synovium in ihesc experimental tiMuestO 
Ssboost the same as that in external conwUynovia, 
SStfumgh the mile ^ similar, the ^me^wm- 
ovinm was much linker than the external control 
^Yiumbe^nscoEthe inched amount of odbpn 
(Haure 4). Compared with the external controls, diere 
wit a .isnineant increase in the synovial lining thick- 
ness and the wbsynovbim. thickness, and I • 
increase in the total synovium thickness (P < 0.03 ior 
«E comnarison). The * Sjg 
thicker synovium, but it was not significantly tniefcer 
compared with that in the external controls- 

Nlnfr-week mistreated Brtnpf«wrt*. Morpho- 
logically ^nb«ia»ranwd and the exoerimeatal 
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fcxtenud) tMUBl fence*. spUhwd. 'nonl Jsdod 
While raBSitJ- B«* Stiow ihc m™ ± SE1£. A . 



steiflswiUy aAw3 w«b compared wun uuti m™ w 
^Sly than Itoi ta «£h control V f 0.0i . C,T> 



week* wu ilgnifiwuiUy pcutf 
InereuBdatSnveck) ~~" " 



InUmaieonicol ayt&vh. were rigrtiHeuiuy * 



side, the synovial lining ecus were very large, were 
oriented toward the joint space, were vacuo awd, and 
had prominent filopodia (Figures 6A and B). Finocy. 
totie vesicles and the protein-synthesizing appamui 
wore conspicuous, The intima -was AS cells thick. The 
snbsynovlum was organized into a fibrous synovium, 
with much dei.se coUBgcn, which m some cases, wm 
banded. In some joints, die lining had been sloughed 
into the joint space. Having the fibrous suhsvnovium 
to form the new joint lining (Figure SB). This was 
observed after 9 weeks of RIL in one experiment, as 
well as in another *-week experimental group not 
included in this morphomeiric study. This feature wag 
not seen in. external control synovium. 

Hie jaorphomcttte data reflect these change* in 
the synovium. The large amount of ««traedluhir ma- 
trix raid down in the subsynovium (Figure 6A> in- 
creased tfae total area. Because of the slouehmg ot 
synovial lining cells in the experimental joints, the 
total synovial thickness (Figure 4B) and the synovial 
lining thickness (Figure 4C> decreased between 6 
weeks and 9 weeks, but the difference was not signif- 
icant. Synovium from the internal control showed a 
slightly increased thickness compared w'thihe ditto at 
6 W ceK5,Tb e 1 ; "" t "* 



in both the internal control »«d expcnmentai syn^ 
vmm (Figure 4D). again due to increased 
collagen. At 9 weeks, there was a significant grease 
total synovial liniDg thicicness in the expenmenW 

0.03). 

DISCUSSION 

Synovium is the tissue that lines the nopcarti- 
tatooW Hir&e- & » synovial joint, Synovxum is 
efmp^Ld oe the cellular lining , and ^ ^deriyinB 
3ivc tissue, the subsynovium, which can be 

intima, is 2-3 cells thick and consists of 2 dtfUnct types 
U ceu'and **n* intermediate fcrins. Typo AceUshave 
the organelles of a macrophage, with many large 
vacaoC pinocytolio v^lclcs, 
rUopcdia. Type B cell, have the ^^f."" 1 
that synthesizes and secretes protein, ue.. much gran- 
ular ^dOPlawrtc reticulum and a weU^evetopcd 
Golsi complex. The distinction * 
SacUpha/e-likc) cells and type B (fibroblast^ ceHsm 
the rabbit synovium has been previously described 
(18.1?). 
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increase In such bodies is obvious in the more severe 
cases of osteoarthrosis (grades H-IV), whereas in the 
less severe cases (grade ». is no clear-cut 

increase. Given their correlation with the stage of 
cartilage breakdown, the increase in lysosomal bodies 
and the other changes In synovial cells in osteoarthro- 
sis probably represent secondary changes, and not a 
primary event to the jsathogertesls of the disease. 

The synovial eel! changes noted to this study 
are similar to changes described a* "early events ui 
human OA synovial cells (20). In our study, the mtiroal 
cell* showed an increase in granular endoplasmic 
reticulum and dilatation of the cisternac. The cells 
were enlarged and contained many vacuoles and in- 
creased filopodia. However, unlike soman OA syno- 
viocytes, the numbers of lysosomca, mitochondria, 
axul oolgi complexes were not increased to association 
with experimentally produced OA. Although hypertro- 
phy and hyperplasia of synovial lining cells w «fe 
observed to this NZW rabbit model as to human OA, 
the hallmark of inflamed synovium, tho predominant 
lymphocytic and plasmacyrJc tofiltration, was never 
observed- This demonstrates that eady Changes in tho 
synovium were not inflammatory in nature. 

There are several ecologically distinct animal 
models of OA (21-^23). and the role of synovial mfltm^ 
niaiion in the pathophysiology of OA vnrics among the 
different models of OA, Any direct damage to the 
synovial membrane or arUirotoray initiates a transient 
change to tho cartilage secondary to synovial inflam- 
mation (24-26). The Hata obtained with the Hulth 
surgical instability model (15.25.27) and the repetitive 
impulsive loading model (12.13) indicate that different 
pathways may lead to cartilnge deterioration. Early 
acute inflammatory changes, indicated by infiltration 
of lymphocytes and plasma cells and the presence of 
fibrin material to the synovial matrix by 4 weeks (IS), 
are found to the sham-operated controls In the Hulth 
model (15,16). Cartilage subsequently becomes in- 
volved, but changes do not progress to OA by 12 
weeks. Only when, synovial inflammation occurs in 
combination with mechanical instability do progres- 
sive: cartilage changes oCCVir, and by 12 weeks, OA is 
evident to these experimental joints. 

What might the contribution of mechanical in- 
stability he? Because cartilage is composed of a dense 
meshwork of collagen fibrils that are intimately asso- 
ciated with large macromoleeules of proteoglycan, 
largo proteolytic enzymes may be unable to penetrate 
into the substance of intact cartilage. However, early 
damage to the cartilage matrix that results in loosening 



of the collagen, probably by disruption of <^«»Jf 
«R> may permit local penetration by large molecules. 
KS^e cellar flb«te ^SSBS 
experimenml OA to tfte knee joints of dogs sheeted 
to anterior cruciate ligament transection _h* i been 
verified microscopically (29) 
increased proteoglycan extraotobihty (30). Stmil^fea- 
tnres have been observed to canine knees l ° 
rraumatic impact (3D- The changes in the colleger of. 
SL cartilage matrix following these 
aliens are like those observed following brief penods 
of trypsin and collageuase digestwn <32>. Xajtoa 
model; progressive destruction of the earUtoge surface^ 
£ cor^stcSwith external enrymahc v*™**™™ 
the synovial toflammnuon and fibrin accumulation. >f 
the external agents gain entry into the matrix. 

By contrast, synovial toflainmation * 
served early to the non nvaStvc Rtt- model, Focal 
Sage destruction develops slowly, as fcdoes m 
human OA. We found no microscopic evidence or 
toflammatory processes (Lei. lymphocyte or plasma 
cell mfiliration or fibrin accumulation) involving the 
-novhU membrane after either 3 weeks, 6 -eeks. or9 
weeks of repedtive impart loading; this is consistent 
witn previously reported results (33). However, sub. 
r y Vovto) firloris and! hyperplasia withont ;kifta»ata« . 
were observed after only 6 weeks of BJL- Wc do not 
consider hyperplasia of synovial cells to be a sum of 
inflammation. Two different groups oT ^cstlgators 
have also observed fibrosis in the Hulth model rfter 
shorter periods of time (15,25.34). 

in ou r study, synovial hyperplasia was not 
confined to the repetifively loaded knee joint of the 
NZW rabbits, but was also found to a lesser •degree im 
the nonloaded, but splinted, internal conWl knee. 
Changes in the internal control knee always 
by several weeks the more ^^ ch ^f?"^ 
loaded knee joint, and by the end of the ^Pf™^ 1 
period, had not progressed XO sloughing of the hrnng. 
Because hyperplasia continued m toe control l«*e 
even after the lining to the ex^n^ntal joint h^ beer, 
sloughed, the difference to toling thickness between 
experimental and internal control ^« es a^JL cc £ 
were not large (Fibres AC and »). Bww » 
comparison with the external (rmwpUnted) control 
knees, both the experimental and the internal control 
knee had a significantly thickened synovia^ Jmrn g. . 

There arc several possible explanations for the 
changes in the nonloaded internal control kuees. Itis 
well known that surgery or d isease that affe * one 
limb will change pattcras of weight bearing in tne 
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contralateral limh, altering stresses and affecting sec- 
ondarily the untreated limb- It is often undesirable, 
therefor*, to m an internal control, mid this Is tba 
reason that we included an external control foe these 
Ses. fit effect, the "nonloaded" limb in our exper- 

altered joint stress distributions because of the . to- 
^brt at the repetitively loaded ^pcni^nUl hrnb^ 
A 5 econd possible explanation * ***** * 
caused by job* breakdown. We have no 
support this latter view, and changes m the ' ^ 
do not appear to affect oil joints. A third possible 
ewlanationis that because both limbs are aphnted 
S the loading procedure, the splint itsetf caused 
Sinto the synovial tissues However cr^es m 
the experimental limb cannot be a 
splinting because the top of the sphnt is located well 
Wow tie tibial tuberosity, Sf^S^y 

chaSreflect chronic, focal synovial trauma caused 
vl, V?r W<fioB itself. In this rcsord. t*»c synovial 

with cartilage deterioration, but both may be tfidepca- 
dent reactions to zhe loading repmen. ^ 
It is not necessary to impli»te inflamniatory 
P ^« 5 5cJ ™ tpSon^ of canU^ deteriorate 
Cartage destruction can occur ^ fte absence of 
inflammatory change, as demonstrated by the ML 

Sno"^^ 

factors produced by normal, as well as ^* mc /> 
'yncvlum have the potential to mediate carriage do- 
struoticm (3%-4». How may the synovial membnmebc 
involved ic the osteoanbrotic process? 0<n -^ry^ 

weeks and 9 weeks, COnCUHCtU with the histologic 
aroeararice of cartilage destruction, 
damage*© the Uning may secondarily accelerate the 
cartOaee dcstnicUon that was initiated by mechamc^ 
overload. flu* secondary involvement of the synovium 
eouTdbe one possible explanation for progressive 
OTrt^BO loss uTanimala that have been ultewed to 
rcSin their cases for up to 6 months following 9 
weeks of repetitive- impact loading (16). 

Although in our rabbits, the oxr^lmen^yno, 
vium was not inflamed* it was hyperplastic We take 
2Tv™, as do other, (42), that the probferahoa of 
connective tissue cells is not » critcnon it d mflarruaa- 
Hon in the joint, Two questions arc ob^ous, What 



stimulates the proliferation? and. What rote ^ ^ 
SrL^tSly to be Iromleuk^ 

^itu^pou^ cf^ syrvovium, although.the 
r^S^r gram ^ V^^To SX 



^Tne observation that synovial JOT** was 
r, rafe «t in both loaded and nonloaded hmbJ, but was 
aUociaced with cartilage depudaUon V tto 
fo»H^rtlimb U strong evidence asainsr th= Idea that 
b^rjiatoun^produetion and synovial hyperpla- 
Tll ^%^t?tr primly related to the osteoar- 
tytJSZ 37« 5 In vivo, catabolina are inhibited by 

P 1 ""* 1 ^ ^JL* ™ ^^Jwiispose the matrix to sec- 

of Soliu inhibitors may interact with P™W 
proeess- 



s. Eighth edition, Ed- 



10/26/2009 09:03 FAX 20229378I 



SYNOVIAL CHANGES IN EXPERIMENTAL OA . 



■Another look at QslcOMthritia. Ann Shunt Vil 38:423- 

3 GoldeSnsg DL. Egao MS. Cohen AS: toflM«m«oiy 
" synovitis in degenerative joint disease. X Rheumatol 
g;204-209,1582 . . 

4. Gmdncr DL: The nature and causes of osteoarthrosis. 
Br Mod J26u:4lS-424, 1983 

5. Glynn UE: Primary lesion in osteoarthrosis, Lancet 

6. HxiKon CW, Hiaton C, Dieppe PAi Inlra-artjeulftT vari- 
ation of synovial changes in knee arthritis: biopsy study 
comparing changes in patetlofeniorai synovium and Jim 
medial tibiofemoral synovium. Br I Rheumatol W:S-a, 

7. LtodbJad S, Hedfors E: Intraarticular variation in syno- 
vitis: local macroscopic and nucroscoplo signs of mflanj- 
matory activity are rionificMitly correlated. Animus 
Rheum 28:977-9B6 F 1985 

S. Uniblnd S, liedfbre E; Arthroscopic and immu: 
loajc chaiactorizatioa Of knee joint synovitis In < 
thrills. Arthritis Rheum 3fclO8U-l068, 1987 

9. Pelletier J-P, Martel-Pellelier J r Cba^ur-Mnayoweh L. 
Howell DS. Woessner JF Jn Role of synovial membrane 
innattvmation in cartilage matrix breakdown in ihc Pond- 
Nulrf dc 8 of osteoarthritis. Arthritis Rheum 28: 
554-561. 1985 , 

10. Gedikoelu O, Baytf™ MT, All 5Y. Tunccrl: Biochem- 
ical and hiitoloRloal changes tu oaleoartHritie synovial 
memb^nn.An^Ith^Dls 45:269-292. 19C6 

11. MBrtCl-PellMier J, Cloutier JM, Pellctier IF: Neutral 
proteases in human, osteoarthritis synovium. Arthnns 
KhcomZ9:lll2-Hll. 19B6 

12. Simon SR, Ratlin EL, Paul EL, Rose K.M; The response 
of joints va impact loading. II. In vivo behavior or 
subchondral bone. J Btomeeh 5:267-272, 197Z 

13. Rsd m EL P MartmRB.Borr»»,CotexsonB. Boyd RU, 
Goodwin C: Effects of mechanical Ion ding on tee ussucs 
Of the rabbit knee. J Orthop Res 2:221-234, 19B4 

Id. Rodin EL: Mechanical factors in the causations or 
ostcowhritls. RhcumstjoloEy 7:4«2, 1982 

15. lUukCHchckM.BoydKD, SahafflerMCB, BurrDB. Rad n 
EL: Comparison of Joint deEKiernuon models. Acta 
Orthop Scand 37:349-353, l?8d 

16. Yang KH. Boyd RD, KM* VL, Burr DB, Calm^nB. 
Radin EL: DhTerenrM effect of load magnitude aadraia 

ih* initiation and progression or osteoarthritis. Trans 
Orthop Res Soe UjMB, 19B9 , , _ 

17. Weibel EEs Stcredtogfcal Methods. Vol. 1. London. 
Academic Press. 1980 

18 Chadiaily 1PN. Roy 5: Ultrastructaro of rabbit synovial 
membrane, Ann Rheum Dis 25318-3*;, 196? 

19. Kroy PR, Cohen AS: Pine structural Analysis of rabbit 
synovial cells. I. The normal synovium snd changes in 
organ culture. Arthritis Rheum 16:324-^40, 1973 



21. SokoloffL: The Biology of Degenerative Joint Disease. 
Chicago. University of Chicago Press, 1969 

22. Mteskowilz RWj Experimental models of decorative 
joint disease. Semin Arthritis Rheum 2s>*-I 16. 197Z 

23. MosleowitzRW: Experimental models of osUomtlintis. 
Osteoarthritis: Diaanosb and Msas^entJBdtfed b/ 
RW MoskowftZ. DS Hc-well, VM Doldber<t. HJ Mantan. 
Uriladelphii.'WBSaniiUcts, 1984 

24 Frast l; Ghosh P: MicTOinjnry to the synovial mem- 
brane m*y cavse dlSSSSrcBatlOA of W™&e™ a ? 
rabbit knee joint ameuinr cartflagc, J Orthop Res zzm- 

25. M, Schaffler MB, Burr DB, Boyd RD,Rs4n 

EL: Synovial membrane and «^*5 J J£^" , SE? 

imental osiccarmrosis, J Orthop Res $7475-492, 1988 
SS Brandt KD, Adams ME: Exuberant repair of amcuisr 
cortiia B e damage: «ffe« of anterior enia.au: h«am=at 
transection in Ac dOR. Trans Orthop Res Soc 14:584, 

Ihrltis b rabbits. Acta Orthop Scand 

29. Broom ND: Structural « 0n ^ nc ",^"™ 9 T' e 
articular carfflftec. Ana Rheum. Dls 45:225^234, 1986 

59. Altman SD, Ter^baum J, Latm L. Riskm W, Blanco 
LM Howell DS: Btomcehanical and biochemical prop- 
erties ofdoe eanflnge in BXperimetrtally induced osteoar- 
tlnitiB. Ann Rheum Dis 43:83^90, 19S« , 

3D. MoDcviK C. GUbertson E. Muir H: An 

nt^del of osreoaThritJfi: early ™rP*±V%* ^f-Sf" 
chemical clwn SO ». J Bone John Sure S9B:2«5. 1977 

31. Donohue JM, Bu SS D, Ocgcma TR Jr. Thcmp,onRC= 
The effects of indirect blunt ^"^""^ 
urtlcmarcartilaBC. J BOne Joint Surg 65A3W8-057, 1983 

32. Broom NT): An enzymatic»lly induced S™5™^ «™£ 
formation in articular ceitllagc: its , siCTWconce ^ With . 
respect to roam* breakdown. Arthritis Rheum 31310- 

33 Radii EL, EUrr DB: Hypothesis: joints can heal. Semiu 
" Arthritis Rlicum 13^93-302, 1984 rtM< ^, rtt , ri([s t _ 

34 SvHraiuoza E. Reimann I: Experimental osteoarthritis la 

euanges of the synovial mem- 
brane-. Aeta. Vet Scand 26313-325, 1955 w 
35, Sfewn WH. lass JM. Bdlee Pi W*?^"-^^ 

^tVnivricEnzVMes dtirina synovium-Induced eartuage 

d«ss. Biochera Pharmacol 33:12^-1271, 1984 
3S, Pirile JT, SaKktvala J. Hendry R, Tyler J: A cartUase 
cawboUc factor torn synovium. Biochem * 164:177-1B0. 

3? . FeUHB, JUbb RW: The eflect of synovial tissue on the 



1 0/2S/2009 09:03 FAX 



WALKER ET AL 



breakdown of aniculw eutU&fle in orjaQ cultmc. Arthri- 
tis Rheum 20:i3«M37l, ISO' 
40. Meats JE. McBulre MB, BosseU RQ: Human synovium 
tele^i aftclar which *tfn>uW duarfweyte produo- 
Coq of FflE and pLunfauwen acliVMM. Nature 286:891- 
692 1980 

AX. Stctabsrg JJ, Sledge CB: Synovial ftasn mad ehimdK^ 



cvte-CMdiatcd breakdown Of cWTilaBii. inhibition bX 
dsjSvf^^VttJ lining-* Mvabte tort. Br 



J Orthap KM 7s51S-iS2S>. IS>89 



